Performance in schooling is known to be dependent on cognitive ability, family background, and social status, but it is also heavily influenced by biological and psychological traits independent of or even orthogonal to standard notions of cognitive ability. These include aggressiveness or selfconfidence, conscientiousness, and/or willingness to take risks.
Some of these characteristics may derive partly from prenatal exposure to androgenic steroids. An extensive body of existing research has shown the links between this prenatal exposure and increased circulating testosterone. This in turn has been tied to various measures of performance in ways consistent with greater testosterone exposure. The most common marker for measuring prenatal androgens is the second-to-fourth finger digit length ratio (henceforth 2D There is also some limited work on the relationship between 2D:4D and academic performance but the findings are still mixed and often based on quite limited samples. Romano (2006) found that adult males" 2D:4D ratios positively predicted examination grades while females" marks were uncorrelated with these ratios. Brosnan (2008) studied British school children"s digit ratios and their correlations with their numeracy and literacy. Digit ratios were not found to be significant for the group as a whole but there were sex based differences whereby lower digit ratios predicted numeracy for boys and higher digit ratios predicted higher literary SAT scores for girls though in both cases the effects were small. Brosnan et al."s 2011 study considered a small group of computer science students to see if prenatal testosterone exposure was related to performance and computer-anxiety however they found few differences and no sex-related differences in grades. However, lower computer anxiety was associated with lower 2D:4D ratios.
The diverse findings across existing work on 2D:4D suggests that there may be strongly sex differentiated effects; further, the unreliable findings across studies could be driven by nonlinearity in the relationship between testosterone and later outcomes. Some characteristics associated with high testosterone could plausibly have non-linear effects on performance -some aggressiveness, for instance, may be beneficial, but too much may lead to destructive behavior (e.g. Kornhuber et al. 2011 shows low digit ratios correlated with increased tendency to alcohol dependency). Across samples of students that truncate at different portions of the testosterone distribution, regression estimates would find positive relationships in some samples and negative relationships in others.
Surprisingly, formal tests of nonlinear specifications are absent in the literature.
In addition, low 2D:4D ratios may be correlated with important omitted factors. Consider the fact that prenatal androgen exposure may also be correlated to nutrition in the womb in which case the effects of low 2D:4D would be a joint product of the nutritional and hormonal components of the prenatal environment. By controlling for proxies of prenatal environment, we can investigate whether the 2D:4D relationship falls to statistical insignificance after controlling for prenatal environment proxies.
Our work takes advantage of detailed data on academic performance from two universities to study the (possibly non-linear) relationship between student achievement and digit ratios. The first is a large sample of several hundred students drawn from four different departments (economics, political science, law, and management) of the Higher School of Economics in Moscow, one of the leading universities in Russia.
Our Moscow findings suggest that (left hand) digit ratios significantly affect academic performance of females, but not males. In particular, women with slightly lower digit ratios (i.e. higher prenatal testosterone exposure) than average tend to perform better in school. Moreover, we often find evidence of nonlinearities in the effects of 2D:4D which indicates that there may be an optimum level of testosterone exposure when considering its effects on academic achievement.
Our second sample is based on a smaller survey of students from Manila, specifically from the University of the Philippines School of Economics (only economics majors) -the leading university of higher education in the Philippines. Using their current weighted averages in math subjects and in economics subjects as proxies for academic performance, we similarly find evidence of non-linear effects of digit ratios on grades. However, unlike the Moscow results, the effects are significant for the right hand, and not the left, and for males (and the entire sample), and not just for females. Furthermore, there is indication that the effect of testosterone in raising students" math grades is quantitatively the same for female Philippine students and female Russian students. That is, the optimal digit ratio (which achieves the maximum math grades) is approximately the same across these samples. However, testosterone seems less beneficial in raising economics grades (major specific) of female Philippine students than in raising the cumulative grades of female Russian students. This is because the optimal digit ratio beyond which (economics) grades start decreasing is higher in the Philippine female sample than the optimal digit ratio generated by the Russian female sample.
Theoretical discussion
Most of the existing literature on digit ratios have looked at the correlation between increased androgen exposure (high testosterone, low 2D:4D) and risk taking or aggressiveness. A more recent literature focuses more specifically on success in school or work (cf. Coates et al. 2009 on successful bond traders). Our theory focuses on the latter, particularly on measures of success in school.
Note that a low ratio can indicate both "success-promoting" (SP) and "success-inhibiting" (SI) traits. This is because while some assertiveness may be beneficial, too much may be destructive. Also, the presence of one SP trait might be confounded by an associated SI trait. 
Methodology
The foregoing theoretical model implies that if T affects academic outcomes, its net effect depends on the level of T (That is, the outcome is non-linear in T. where:
An important implication is that if the estimated coefficients are and , and if the Wmaximizing digit ratio is within the observed data range, then this is consistent with the hypothesis that T has both SP and SI elements. It would also imply that too strong digit ratio asymmetry predicts poor outcomes.
Note that both the intercept and coefficients depend on gender . For , the intercept would be (while for , it would be ). Coefficients , (and errors ) also differ by gender since the values of (and depend on the inclusion of and , which are proxied by .
7 This may not be unreasonable if only includes other dimorphic traits and does not include, say, environment and parental care (which we can safely omit), and if, say hormones and prenatal nutrition predominantly affect T in a linear manner such that the squared terms in are close to zero.
Thus, we run OLS regressions on subsamples defined by gender, and expect to obtain estimates of coefficients, , and , (and intercepts ) or ) that differ across these subsamples.
Results

Moscow
Data on digit ratios, gender, and (proxies for) academic performance are drawn from students at Higher School of Economics in Moscow and represent four different departments (Economics, Law, Management, and Political Science). Both right and left 2D:4D digit ratio measurements were taken for all students using a laser caliper. We omit students who stated in a questionnaire that they had broken one of these fingers. In addition, our data set includes various admission criteria used for the students. In particular, we have information on which students were admitted with full or partial scholarship. In the Higher School of Economics, roughly a third of the students receive a full scholarship and a large number of the remainder receive partial scholarships.
Admission to the university and offers of scholarship are heavily dependent on criteria which are a weighted average of high school test scores (the national Russian university entrance exam) and performance on various precollege competitions known as Olympiads which are offered in a number of subjects mostly in math and the sciences. We have information on student entrance exam scores,
Olympiad results, and receipt of high school honors.
Since all scholarships are merit based, they are an indicator of precollege academic achievement and can serve as proxies for college academic performance, and are also outcome measures in their own right. We also use the actual test scores on the entrance exam and a dummy for admission via a high Olympiad score, information on high school honors, and current cumulative grade point average while in college.
In general there were no significant and systematic correlations between men"s 2D:4D ratios and any relevant academic variables. However, for women there were a number of notable results, mostly from correlations with left hand 2D:4D measures. In the Moscow samples, a small number of students had 2D:4D measures that were far outside the normal range; the main estimates reported below omit students with 2D:4D measures more than three standard deviations from the mean. Table 1 shows that women"s left hand 2D:4D ratios are has a statistically significant quadratic relationship with high school honors and math scores. Note that in both cases the quadratic term is the opposite sign from the linear term. This suggests that there is an optimal2D:4D ratio associated with each outcome measure.
In the case of Math scores, the optimum 2D:4D ratio for women is significantly lower than average (i.e. more "masculine" women). High school honors seems to suggest the opposite with the optimal 2D:4D occurring at higher than average 2D:4D ratios. Left /(2*Beta LeftSquared ); only reported when digit ratio coefficients are statistically significant. * denotes 10% statistical significance; ** denotes 5%. Table 2 gives us the correlates of females" left hand 2D:4D measures and their performance at the Higher School of Economics; the HSE"s preferred performance measure is the "cumulative rating." Students are ranked according to a cumulative measure which is a weighted mix of GPA in different subjects multiplied by a factor that is dependent on the length and relative importance of the course. This cumulative rating is used to rank all students and is also a determinant in selecting students eligible for upper class scholarships and awards.
The Left Hand 2D:4D measures are have a quadratic relationship with cumulative rating similar to that in Table 1 . Just as with the Math exam scores, the optimal female 2D:4D is lower than that of the average (i.e. more "masculinized" women). For students majoring in Law (Faculty 3), the quadratic relationship reverses: extreme 2D:4D predicts better performance. However, the Law faculty coefficients when summed with the all-HSE coefficients are small, less than 1/3 the size of the all-HSE coefficients.
The mean digit ratio for HSE women is 0.994, with a standard deviation of 0.036. Thus, the cumulative rating-maximizing value of 2D:4D is at least 1/3 of a standard deviation below the female mean. Outliers had no substantial influence on mean female 2D:4D.
The analogous regressions for men are insignificant for both tables; the mean male digit ratio was 0.983 with a standard deviation of 0.034.
Manila
Our second set of results comes from a smaller sample of a little over a hundred students We examined the relationship between measured 2D:4D ratios and grades for the subsamples of males, of females, and for the entire sample including men and women. In particular, we report their average weighted grades in economics subjects (EWA) and also their average weighted grades in math subjects (MWA). (As a general rule, most students at the UPSE have to take the same sequence of courses while completing the first few years of the economics major with optional courses tending to come later).
We observe the same pattern of nonlinear effects of digit ratios on grades in the Philippine sample. However, in this case, we get significant results for the subsamples of males and females (and the entire sample), and for the right hand digit ratio rather than the left. Table 3 shows the relationship between measured right hand 2D:4D ratios for the full Manila sample against EWA and against MWA. In both cases, the quadratic term is significant and negative. Table 4 shows this relationship broken down by gender and we also calculate an R max , which is the implied optimal 2D:4D ratio for each outcome measure and subsample.
This threshold or optimum point, i.e. R max , occurs at around 0.99 for MWA of females, the same as L max for the math grades of the Moscow sample, below but close to the Moscow female mean. This means that consistently across the Manila and Moscow samples, women"s maximum math grades can be achieved when their digit ratio is 0.99. However, R max for EWA of female Manila students is 0.98, which is higher than L max for cumulative grades of female Moscow students (i.e. 0.97). Roughly, this suggests that testosterone is less beneficial in increasing economics grades for female Manila students than in raising cumulative grades for female Moscow students. 8 On the other hand, 2D:4D predicts grades of male students in Manila (while it is insignificant in Moscow). The R max for males are lower at 0.96 for MWA and 0.94 for EWA, which suggests that testosterone is more beneficial for males since males" optimum/maximum grades are achieved with lower digit ratios. Of course, this assumes that males and females" digit ratios mark roughly the same amount of T. 9 It can very well be that males" digit ratios are more sensitive indicators of testosterone, in which case the R max and L max are not directly comparable across males and females. Nevertheless, the Manila results suggest that for male students, high grades are associated with even lower digit ratios.
Conclusion
Our work not only provides us with an unusually large sample of students from different cultures and ethnicities but also is the first analysis of 2D:4D to highlight the quadratic relationship in the effect of prenatal androgen exposure on academic performance. We have demonstrated the importance of considering the non-linear effects of prenatal testosterone exposure that suggests why inconsistent results might be found across studies in standard linear regressions. The potential interactions between testosterone as a hormonal effect and low 2D:4D as an indicator of potential nutrition-driven effects would also serve to confound simple estimates. Including a simple quadratic 8 The average right hand digit ratio for females is 0.99, while for males it is 0.97. Thus, the maximum math grades (MWA) of females are achieved at the average digit ratio, but maximum econ grades (EWA) are achieved at a digit ratio lower than the average. For males, maximum math and econ grades are achieved at digit ratios that are clearly lower than the average. 9 In our regression model, this means that is very small. 
